I
n patients with a mechanical heart valve who are receiving long-term oral anticoagulant therapy and are undergoing elective surgery, the management of perioperative anticoagulation therapy is problematic. Temporary discontinuation of anticoagulants increases the risk of valve thrombosis and systemic embolism. [1] [2] [3] On the other hand, continuing anticoagulants perioperatively, or stopping and restarting anticoagulants too soon after surgery, can cause life-threatening bleeding. 4, 5 The optimal anticoagulation strategy would minimize the risk of thromboembolism (TE), without causing excessive postoperative bleeding.
To date, there is no consensus about the management of perioperative anticoagulation therapy in patients with a mechanical heart valve who are undergoing elective surgery, largely because of a lack of clinical trials investigating different anticoagulation strategies. The traditional management ap-proach has been to hospitalize patients 3 to 4 days before surgery to discontinue warfarin or other oral anticoagulants and to start IV heparin, which is stopped 3 h before surgery. 6 -11 After surgery, IV heparin and warfarin are restarted when surgical hemostasis has been achieved, and heparin is continued until the anticoagulant effect of warfarin is within the therapeutic range. However, some authors have suggested that the risk of perioperative TE has been exaggerated, 12, 13 and that perioperative IV heparin should be reserved for patients at highest risk for TE, eg, previous TE. 14, 15 A less aggressive management approach involves temporary discontinuation of warfarin and the use of low-dose subcutaneous heparin postoperatively until patients are discharged from the hospital. 14 Another approach, which is appealing for patients undergoing a surgical procedure that does not require overnight hospitalization, involves outpatient perioperative anticoagulant therapy with full-dose subcutaneous heparin or low-molecular-weight heparin (LMWH).
As a first step in designing prospective studies to investigate different perioperative anticoagulation strategies, we performed a survey to determine physicians' anticoagulation preferences in patients with a mechanical heart valve who are undergoing elective surgery and to determine the effect of different risks of TE and postoperative bleeding on anticoagulation preferences.
Materials and Methods

Survey Methods
The survey was mailed to all members of the Canadian Society of Internal Medicine (n ϭ 420) and the Canadian Cardiovascular Society (n ϭ 540) in July 1997, with a repeat mailing in December 1997 to nonresponders. A priori, criteria were established to exclude returned surveys from the analysis: (1) physician does not manage anticoagulant-related problems in adults; (2) physician no longer resides at the address provided, ie, survey returned to sender; (3) survey was partially completed; and (4) physician has retired from medical practice.
Survey Questions
Physicians were asked to provide anticoagulation preferences in four scenarios of patients with a mechanical heart valve who are undergoing elective surgery ( Table 1) . The scenarios represented four different combinations of risks for TE (high or low) and bleeding (high or low). However, this information was not provided in the survey. For each scenario, physicians were asked to select from a standardized list of preoperative and postoperative anticoagulation options or, if these options were not acceptable, to provide an alternative anticoagulation strategy (Table 2) . Options "a" and "b" (preoperative and postoperative) were classified as aggressive anticoagulant management, and options "c" (preoperative and postoperative) and "d" (postoperative) were classified as less aggressive anticoagulant management. We also requested information relating to a respondent's medical specialty (general internal medicine, cardiology, cardiac surgery, or other) and their frequency of managing anticoagulant-related problems (frequently, infrequently, or not at all).
Analysis
The analysis consisted of four parts. (1) Anticoagulation preferences in different scenarios: The proportion of respondents who selected each of the anticoagulation options was determined for each scenario. (2) Effect of TE risk on preoperative and postoperative anticoagulation preferences: The proportion of respondents who preferred aggressive anticoagulant management (ie, options "a" or "b") was compared in scenario pairs in which the TE risk was high in one scenario and low in the other Table 2 scenario, and the bleeding risk was the same in both scenarios. (3) Effect of bleeding risk on postoperative anticoagulation preferences: The proportion of respondents who preferred aggressive anticoagulant management (ie, options "a" or "b") was compared in scenario pairs in which the bleeding risk was high in one scenario and low in the other scenario, and the TE risk was the same in both scenarios. (4) Effect of TE or bleeding risk on the timing of postoperative IV heparin initiation: The proportion of respondents who preferred early heparin initiation, defined as starting heparin within 12 h after surgery, was compared in scenario pairs in which the TE risk was high in one scenario and low in the other scenario, and the bleeding risk was the same in both scenarios; and in scenario pairs in which the bleeding risk was high in one scenario and low in the other scenario, and the TE risk was the same in both scenarios. McNemar's 2 test was used to compare the proportion of respondents who preferred aggressive anticoagulant management within scenario pairs. Statistical significance was defined as p Ͻ 0.05.
Results
Survey Response Rate and Characteristics of Respondents
The survey was mailed to 960 physicians; 87 surveys were returned because the physician no longer resided at the address that was provided. Of 873 physicians who received the survey, 538 (62%) responded. Of 538 returned surveys, 65 were excluded for the following reasons: (1) physician does not manage anticoagulant-related problems in adults (n ϭ 38), (2) physician has retired from medical practice (n ϭ 17), and (3) survey was partially completed (n ϭ 10). Thus, there were 473 surveys included in the analysis. Of the 473 respondents, 217 (46%) were cardiologists, 179 (38%) were general internists, 55 (12%) were cardiac surgeons, and 22 (4.6%) were from another specialty; 406 (86%) managed anticoagulant-related problems frequently and 67 (14%) managed them infrequently.
Responses to Clinical Scenarios
The anticoagulation preferences for the four scenarios are summarized in Figures 1 and 2 . IV heparin was the most frequently selected anticoagulation option for preoperative and postoperative anticoagulation therapy in each of the four scenarios. Of those respondents who selected IV heparin for postoperative anticoagulation therapy, preferences for the timing of heparin initiation are summarized in Figure 3 . Initiation of IV heparin 6 to 12 h after surgery was the most frequently selected timing for heparin initiation in each of the four scenarios, whereas heparin initiation Ͻ 6 h after surgery was least preferred by the respondents.
The effect of TE risk on preoperative and postoperative anticoagulation preferences is summarized in Table 3 . The risk of TE had a strong influence on Tables 1 and 2. anticoagulation preferences. There was a significantly greater proportion of respondents who preferred aggressive preoperative and postoperative anticoagulant management in high-risk TE scenarios compared with low-risk TE scenarios.
The effect of bleeding risk on postoperative anticoagulation preferences is summarized in Table 3 . The risk of bleeding did not have a detectable effect on postoperative anticoagulation preferences, inasmuch as the proportion of respondents who preferred aggressive anticoagulant management was not significantly different in high-risk and low-risk bleeding scenarios.
The effect of TE or bleeding risk on the timing of postoperative IV heparin initiation is summarized in Table 4 . Of respondents who preferred IV heparin for postoperative management, the risk of bleeding influenced whether the timing of heparin initiation after surgery was early (ie, within 12 h) or later (ie, Ͼ 12 h). There was a significantly smaller proportion of respondents who preferred early heparin initiation in high-risk bleeding scenarios compared with lowrisk bleeding scenarios. The risk of TE did not have a detectable effect on the timing of heparin initiation, inasmuch as the proportion of respondents who preferred early heparin initiation was not significantly different in high-risk and low-risk TE scenarios.
Discussion
In this survey, we investigated physician preferences for perioperative anticoagulant therapy in patients with a mechanical heart valve who are undergoing elective noncardiac surgery. There are three main findings from this survey. (1) Preoperative and postoperative IV heparin was the most frequently selected anticoagulation option. (2) The risk of TE, but not the risk of bleeding, influenced the aggressiveness of anticoagulant management. (3) If IV heparin was selected, the risk of bleeding influenced the timing of heparin initiation.
Our finding that IV heparin was the most frequently selected anticoagulation option is noteworthy because the effectiveness and safety of this management approach has not been validated in clinical trials. The rationale for aggressive perioperative anticoagulation therapy with IV heparin is based on evidence from retrospective case series 16, 17 and one small prospective cohort study 18 that did not provide reliable estimates of the risks of perioperative TE and bleeding. Furthermore, most patients in these studies had first-generation caged-ball heart valves, which are more thrombogenic than newer bileaflet tilting-disk models. 5 In two methodologically rigorous studies that provided quantitative estimates of the risks of TE and bleeding for patients with a mechanical heart valve who require elective surgery, the investigators questioned the use of perioperative IV heparin, except in patients at highest risk for TE (ie, previous TE, caged-ball heart valve). 14, 15 One of these studies concluded that in the absence of an embolic event within the previous month, the use of IV heparin was expected to Tables 1 and 2. markedly increase morbidity related to postoperative bleeding. 14 Thus, although IV heparin was preferred by most respondents in this survey, the evidence to support this anticoagulation strategy is questionable.
Another noteworthy finding is that despite convincing evidence that subcutaneous heparin or LMWH is as effective as IV heparin for the treatment of venous TE 19, 20 and acute coronary syndromes, 21 this anticoagulation strategy, which does not require hospitalization, was selected by only 5.3 to 23% of respondents. Thus, demonstration that outpatient perioperative anticoagulation therapy with subcutaneous heparin or LMWH is effective and safe could have a major impact on clinical Figure 3 . Postoperative IV heparin initiation preferences. For description of different scenarios, see Table 1 . practice. Further, this management approach is likely to be more cost-effective compared with the use of in-hospital IV heparin. 15 A less aggressive anticoagulant management (ie, options "c" or "d"), which has been advocated by some authors, 14 was preferred in the preoperative or postoperative setting by only 3.2 to 9.4% of respondents in high-risk TE scenarios, and by 11 to 36% of respondents in low-risk TE scenarios. It is likely that before a less aggressive anticoagulant management is adopted for wider use, the effectiveness of this approach will require validation in prospective clinical trials. Our finding that the risk of TE, but not the risk of bleeding, influenced the aggressiveness of anticoagulant management may be explained by the following considerations. First, physicians may consider the prevention of TE as the primary management objective because the clinical consequence of TE (eg, stroke), resulting from less aggressive anticoagulation therapy, is likely to be greater than that of bleeding (eg, wound hematoma), resulting from aggressive anticoagulation therapy. Second, physicians may be concerned about legal liability if a disabling stroke occurs perioperatively, whereas the occurrence of postoperative bleeding may be more defensible. 22 However, there is evidence to suggest that the risk of perioperative TE has been exaggerated, and greater consideration should be given to the risk of postoperative bleeding and its clinical consequences as determinants of anticoagulation preferences. In a cohort study of 45 patients with a mechanical heart valve who underwent elective surgery and received perioperative IV heparin, 13 patients (29%) had postoperative bleeding complications, and in 1 patient (2.2%), the bleeding was fatal. 23 In a meta-analysis of randomized controlled trials involving patients with a mechanical heart valve, in which one patient group did not receive anticoagulant therapy, the risk of TE in patients who were not anticoagulated was 9% per year. 24 If the period in which patients are not fully anticoagulated is limited to 2 or 3 days, as in the perioperative period, the risk for TE during this period would be low (ie, 9% ϫ 3/365 ϭ 0.07%). It is probable that the risk of TE would be higher in a high-risk subgroup (ie, mechanical mitral valve, atrial fibrillation). However, if most physicians are using IV heparin perioperatively, it is possible that this anticoagulation strategy is causing greater morbidity and deaths because of bleeding compared with the morbidity and deaths because of TE if IV heparin had not been used, particularly in patients at lower risk for TE (ie, mechanical aortic valve, sinus rhythm).
Of those respondents who preferred IV heparin for postoperative anticoagulation therapy, the risk of bleeding influenced the timing of heparin initiation.
A significantly higher proportion of respondents preferred later heparin initiation (ie, Ͼ 12 h after surgery) in high-risk bleeding scenarios compared with low-risk bleeding scenarios. To our knowledge, there are no studies investigating when it is safe to initiate IV heparin after surgery. Presumably, this will depend on the surgical procedure, inasmuch as patients undergoing urologic, neurosurgical, or cancer-related procedures are more susceptible to postoperative bleeding. 25, 26 It is possible that withholding IV heparin for as little as 24 to 48 h after surgery might substantially reduce the risk of postoperative bleeding, although having a negligible effect on patients' risk of TE.
The are several points that support the validity and generalizability of our findings. First, the anticoagulation options we provided were chosen by Ͼ 98% of respondents, depending on the scenario, thereby suggesting that the responses in this survey are a valid representation of physicians' usual clinical practice. Second, the respondents were from a broad cross-section of specialties that included general internal medicine, cardiology, and cardiac surgery. Third, because 86% of respondents managed anticoagulant-related problems frequently, our findings are generalizable to other physicians who manage anticoagulant-related problems. We acknowledge that the survey response rate of 62% might be considered suboptimal; however, this response rate is consistent with rates reported in other surveys of anticoagulant-related practices. 27, 28 To summarize, there is a need for large, prospective studies to investigate the efficacy and safety of the anticoagulation preferences identified in this survey, and to provide reliable estimates of the risks of perioperative TE and bleeding associated with different anticoagulation strategies.
